Abstract For the first time ever, the luminescence spectra of Cr 3? centers in two chlorite crystals are presented. Chromium ions occupy the strong crystal-field site M4 in the brucite sheet and the intermediate crystal-field site in the inner octahedral sheet for purple and green chlorite, respectively. We discuss the influence of an effective positive charge on the Cr 3? ion and an effective negative charge of ligands on the differences in the values of the Dq and B parameters. It is concluded that the presence of Fe 2? ions and other point defects, as well as concentration quenching, causes the very short luminescence lifetimes of chromium ions.
Introduction
The crystal structure refinement of Cr-chlorite was done by Phillips et al. (1980) as a consequence of earlier articles (Bailey and Brown 1962 , Brown and Bailey 1963 , Lister and Bailey 1967 . Phillips et al. (1980) proposed discarding the names ''kotschubeite'' and ''kämererite'' as well as the use of the prefix ''chromian'' for Mg and other chlorites. They also definitely rejected the idea that Cr 3? ions could be presented in a tetrahedral coordination. Several papers (Phillips et al. 1980, Zheng and Bailey 1989) . The M1 and M2 positions are localized in a talc-type layer, but M3 and M4 are in the brucite sheet. The average M1-(O,OH), M2-(O,OH), and M3-OH distances for Crclinochlore are about 0.207 nm, and for M4-OH, it is 0.1963 nm (Phillips et al. 1980, Zheng and Bailey 1989) . In the purple chlorite specimens studied by Phillips et al. (1980) , the Cr 3? ions preferred the M4 octahedral site in a brucite sheet, contrary to the suppositions of Zheng and Bailey (1989) , who proposed, with regard to their green color similar to fuchsite, that chromium ions are present in an inner octahedral sheet in site M1 or M2. The Cr 2 O 3 contents of ten chlorite specimens studied by Phillips et al. (1980) varied from 1.52 to 8.31 weight percent (wt%), and in chlorite studied by Zheng and Bailey (1989) they were equal to 1.68 wt%.
Cr-chlorite specimens have not been adequately studied with spectroscopic methods. Many papers show the changes occurring in the Raman and IR spectra as a function of Si ? Al and Fe ? Mg substitutions. The increase of Me 3? ? Si 4? substitution causes the frequency of the fundamental Si-O vibration to decrease; however, the number of Si-O vibrations do not increase. For a higher amount of Al 3? in tetrahedral coordination, the Si IV -O and Al IV -O bands overlap at about 990 cm -1 . Some correlation between vibrational bands and the chemical composition of Cr-chlorites was determined from the IR spectra by Tuddenham and Lyon (1959) , and from a micro-Raman study by Prieto et al (2003) . For crystals of a purple Cr-chlorite from Erzerum (Turkey), it was found that the frequency of the peaks at 681 and 199 cm -1 strongly depended on (Fe, Al, Cr) ? Mg substitution (Prieto et al. 2003) . The Cr-clinochlores are distinguished by vibrations at 822/811 and 655/647 cm -1 (Tuddenham and Lyon 1959) . The effects of substituting central cations from the octahedral sheet of the trioctahedral phyllosilicates on the inner hydroxyl group was studied by Scholtzová et al (2003) . Replacement of Si by Al results in a negative charge on oxygen, which is directly coordinated to the Al; and as a consequence, a distortion of the lattice occurs and a broadening of the OH stretching absorption is observed. The vibrations of the Mg 3 (OH) 6 and of the medium intense band at 669 cm -1 are shifted to lower frequencies when Mg is substituted by Al, Fe and other atoms. The frequencies of OH-Me vibrations of the brucite sheet is lower than those in the inner octahedral sheet, often at 3,580 cm -1 -3,450 cm -1 (Farmer 1974 ). Shirozu's studies of Raman spectra (1980, 1985) have shown that vibrations of hydrogen bonding (SiSi)O….OH and (SiAl)O….OH take place. The substitution of Al ? Si and Fe (or other ion) ? Mg induced shifts of these bands to a lower frequency.
Based on Mössbauer spectra, it has been demonstrated that Fe 2? ions are present in M1 and M2 crystal sites, and Fe 3? ions are present in M3 and M4 crystal sites, as well as in a tetrahedral coordination (Goodman and Bain 1979 , Blaauw et al. 1980 , Dyar 1987 , deGrave et al. 1987 , Gregori and Mercader 1994 , Smyth et al. 1997 . The influence of Al 3? ? Si 4? substitution, as well as of the Fe/Mg ratio on spectroscopic parameters of iron ions has been discussed in many papers (Annersten 1974 , Dyar 1987 , Gregori and Mercader 1994 . The presence of Fe 2? in tetrahedral sheet is mentioned by Gregori and Mercader (1994) because of the unusually low quadrupole splitting (QS) equal to 0.76 mm/s, and the rather large isomer shift (IS) value of 1.06 mm/s. Bish (1977) presented the optical absorption spectra of ten Cr-chlorite specimens. Observed differences in their absorption spectra and those of the Cr-muscovite (fuchsite) led him to conclude that Cr ions should be present in an interlayer octahedral sheet. The color of the chlorite specimens studied in this paper cannot be clearly seen, however, it could be concluded from the absorption spectra that all of them were red or purple. For almost all of these chlorite specimens, the crystal field splitting parameter was above 1,800 cm -1 and parameter B Racaha was less than 800 cm -1 . The absorption spectrum of chlorite from Erzerum (Turkey), measured in a VIS spectral range, which consists of Cr 3? and Fe 2? bands, has also been presented by Prieto et al (2003) . To the best of our knowledge, no green Cr-clinochlore has been studied thus far, even though on the Internet, some collectors have published photographs of green chlorite from chromite deposits or samples occurring together with uvarovite-for example, the brilliant Cr-clinochlore from the Saranovskii Mine in the Middle Urals (http://www.mindat.org/locdetailed-2807. html).
The only luminescence spectra of Cr-chlorite published were in Czaja (1999) and Czaja (2002) 4 A 2g transitions for strong and weak crystal fields, respectively, and from both of these two transitions simultaneously at room temperature when the crystal field is intermediate. Sharp emission lines R 1 , R 2 and broad emission bands can be measured, sometimes with ZPL at low temperature and vibronic sidebands. However, additional luminescence lines sometimes appear at longer wavelengths in relation to the R lines. Some additional lines have been studied for synthetic materials with a significant content of Cr 2 O 3 (Imbush 1967 , Powell et al. 1967 , Szymczak et al. 1975 , Dereń et al. 1996 . For natural topaz crystals, the contents of various amounts of the Cr, Mn and V have been shown as well (Gaft et al. 2003) . These lines originate on near-neighbor pairs of chromium ions, where the ions forming the pair are strongly exchange-coupled and are usually called ''N i -lines''. Energy transfer from isolated Cr 3? ions to pairs of Cr-Cr can be observed. Imbush (1967) showed for Al 2 O 3 doped with 0.003-1.0 atomic percent (at.%) of chromium that the intensity of N-lines at 77 K was almost equal to the intensity of the R 1 line. Powell et al. (1967) showed that at low temperature the intensity of N lines is higher than that of R lines, even for 0.94 wt% Cr 2 O 3 , and, of course, the same is true for greater chromium amounts. The decay times of R and N lines are very similar (several milliseconds), however, some differences in the decay rate at a low temperature have been noticed.
Some of the additional lines in emission spectra can be attributed to non-equivalent Cr 3? centers, which are characterized by different ligands surrounding topaz crystals (Tarashchan et al. 2006 ), or to differences in next-nearest coordination (Walker et al. 1997) . These lines are mentioned as emission lines originating from the 2 E g level of Cr 3? ions residing in distinct crystal sites. The energies (or wavelengths) of such lines and their intensities depend on the energy of excitation, which should be characteristic for each individual emission center. On the other hand, the effect of temperature on emission properties and lifetimes of excited states has not been discussed.
The luminescence of purple chlorite is rather unusual because of a quite high amount of Cr 2 O 3 in this crystal. Accordingly, effective concentration quenching of luminescence might be expected. Indeed, the emission of Cr 3? ions is rather weak at room temperature but grows markedly when temperature decreases. Moreover, the R 1 line is accompanied by other bands at the lower energy range of the spectrum. An additional line appears on the emission spectra of green chlorite as well. The origin of these bands and lines, as well as their luminescence decay times need to be explained. The luminescence properties of these crystals are interesting and can expand our knowledge on the luminescence properties of Cr 3? ions in natural crystals.
Sample properties and measurement conditions
The purple Cr-clinochlore studied here was found in Kop ophiolitic ultramafic rocks from the Erzincan deposit (Turkey). Our specimen is reddish-purple, with purple-topink pleochroism, a vitreous luster, and a perfect cleavage with a (001) plane, formed as an aggregate of several pseudohexagonal and clear single crystals up to 150 lm thick. This chlorite was found in incrustations on the walls of vugs and cracks in a serpentinized basic rock. According to a chemical analysis by Brown and Bailey (1963) Table 1 .
Mössbauer spectra were measured using a constant acceleration spectrometer with a 57 Co:Cr source. All measurements were carried out at room temperature. The velocity calibration of the spectrometer was done with an a-Fe metallic powder absorber. The isomer shift (IS) is given in relation to Is a-Fe . The obtained spectra were fitted as a superposition of several doublets. The decomposition into doublets was performed by Lorentzian function. The results are shown in Fig. 1a , b and Table 2 .
Unpolarized FTIR and Raman spectra were obtained with a Bio-Rad FTS-6000 spectrometer with a micro-ATR accessory. They are presented in Fig. 2a , b, and the frequencies of IR and R bands are listed in Table 3 .
Polarized absorption spectra of purple and green chlorite crystals were measured at room temperature using a CaryVarian Model 2300 spectrophotometer in the spectral range from 2,000 nm (5,000 cm -1 ) to 340 nm (30,000 cm -1 ) and are presented in Fig. 3a , b. There were two idiomorphic slabs oriented in parallel to the (001) plane, so the spectra nearly in parallel to the X and Y axis were measured.
The steady time-luminescence spectra of the chlorites studied herein were performed using a Jobin-Yvon (SPEX) spectrofluorimeter FLUORLOG 3-12 at room temperature with a 450W xenon lamp, a double-grating monochromator, and a Hamamatsu 928 photomultiplier. The measurements at low temperatures up to 15 K were made using a Physik LPD3000 laser (pumped by a Lambda Physik LPX100 excimer laser). The emission spectra are presented in Fig. 4a , b. Luminescence decay curves were measured upon a pulsed excitation delivered by a Continuum Surelite 
Results and discussion
The composition of the purple chlorite ( The chemical composition of the green chlorite is practically homogeneous. Only the content of Ti is substantially variable. This specimen looks very similar to the green chlorite from Kenya studied earlier by Steinfink (1958) and Bailey (1975) , and our results are comparable to theirs. The green chlorite has higher Al IV content in contrast to that of our purple chlorite and that other chlorites studied by Phillips et al (1980) . The Mössbauer spectra of the studied chlorite crystals presented in Fig. 1a, b show that both Fe 3? and Fe 2? ions are present in our samples. The content of iron in the M1-M4 sites has been calculated and is presented herein in Table 2 . Fe 3? in both studied crystals occurs in tetrahedral sites, but in purple chlorite it is also present in the octahedral sheet. Doublet D4 has IS and QS parameters that are characteristic of the M4 site (Smyth et al. 1997 ) a lower quadropole splitting means more distortion around a site, the measured doublets D1 were ascribed as originating from the M1 site. However, the majority of ferrous ions occupy M2 sites in purple and green Cr-clinochlore. In fact, the symmetry of sites M1 and M2 in purple Cr-clinochlore seems to be more regular than in the green specimen. Differences in the electric field gradient for green chlorite may be caused by Cr 3? ions in the M1 or M2 sites that are located in the inner octahedral sheet, as is observed for fuchsite. The different IS parameter values for the M1 site in the purple and green chlorite crystals could be said to be a consequence of the higher Al amount in the tetrahedral sheet and various Fe/Mg ratios for the green chlorite sample, which is in line with the results reported previously (Annersten 1974 , Dyar 1987 , Gregori and Mercader 1994 .
The chemical formula of the studied Cr-purple clinochlore in the first approximation is the following: For this sample, the deficiency of the positive charge is insignificant, namely, ?0.022 (i.e. 0.04 %).
The infrared and Raman spectra of these crystals are shown in Fig. 2a, b . Appropriate vibration modes (Table 3) were assigned according to Tuddenham and Lyon (1959) , Stubican and Roy (1961), Farmer (1974) , Shirozu and Ishida (1982) , and Prieto et al (1991) . Three intensive a b Fig. 1 a The Mössbauer spectrum of purple chlorite. The numbers indicate the doublets, according to Table 2 . b The Mössbauer spectrum of green chlorite. The numbers indicate the doublets, according to Table 2 Phys Chem Minerals (2014) 41:115-126 119 bands can be observed in the FTIR spectra within 3,700-3,000 cm -1 . The band with the highest frequency is related to m(OH) of the 2:1 layer. For the green crystal, this band is located at a lower frequency (3,665 cm -1 ) than the one at which it is observed (3,670 cm -1 ) for the purple crystal. Accordingly, we can conclude that the inner octahedral sheet of green chlorite contains more heavy atoms in comparison to the purple chlorite. For the green chlorite, the next band appears at a lower frequency (3,568 cm -1 ) than for the purple chlorite (3,582 cm -1 ). It can be concluded that the higher number of Al 3? ions occupies the tetrahedral sheet in the green chlorite. For the purple chlorite crystal, the next band occurs at a lower frequency (3,434 cm -1 ) than is recorded for the green chlorite (3,442 cm -1 ). It indicates that Mg 2? ions in the brucite sheet are substituted by heavy ions in greater quantities than in the green chlorite. The substantial amount of Al 3? ions in the tetrahedral sheet of the green chlorite causes the Si-O stretching band placed at 1,080-1,000 cm -1 to be unresolved and shifted towards a lower frequency, in relation to the same band observed in the purple crystal. Considerable differences in IR and Raman spectra are related to bands below 700 and near 200 cm -1 , which are in turn related to the brucite Me-OH libration. It has already been demonstrated that for purple chlorite, the heavy ions in the Me(OH) 6 sheet cause a shift of the bands to a lower frequency in comparison to the same bands recorded for the green chlorite sample. In fact, the main differences noticed in the FTIR and Raman spectra of the chlorites studied in this paper are caused by a large amount of chromium in the brucite sheet (the purple chlorite) that is charge-balanced by Al 3? ions in the tetrahedral sheet (the green chlorite).
Absorption spectra recorded in the VIS-NIR spectral range are presented in Fig. 3a, b The parameters Dq, B Racaha, Dq/B, and CFSE are shown in Table 4 . Results obtained for the purple chlorite are similar to those obtained by Płatonow et al. (1995) and Andrut et al (1995) . The Dq and Dq/B values indicate that in the purple chlorite crystals, Cr 3? ions are influenced by a strong crystal field. To the best of our knowledge, the rate of Dq is the highest value reported to date for Cr 3? ions in natural crystals and in synthetic materials. As a consequence, the crystal-field stabilization energy (CFSE) is the highest for Cr minerals. Moreover, the Racaha B parameter is low; thus, the nature of Cr 3? -O 2-bonding is covalent-ionic. The purple color of this crystal is the result of mixing blue and red colors, which are not absorbed throughout the crystal. The influence of the strong crystal field on Cr 3? ions supports our earlier supposition that these ions in the purple chlorite occupy the M4 site in the brucite sheet. The polarized absorption spectra of this crystal showed a rather weak pleochroism: from purple for E||X to pink for E||Y.
To the best of our knowledge, the absorption spectra of the green Cr-chlorite shown in Fig. 4b Fig. 4 a The luminescence spectra of the Cr 3? ion in purple chlorite measured at different temperatures; the pink line-T = 300 K, the purple line-T = 77 K, the black line-T = 15 K. b The luminescence spectra of the Cr 3? ion in green chlorite measured at different temperatures; the green line-T = 300 K, the olive line-T = 77 K, the black line-T = 20 K Phys Chem Minerals (2014) Zheng and Bailey (1989) for the light green chlorite from Kenya, but without any evidence. Because the M2 site is less regular than the M1 site, it seems to be more appropriate for the chromium ion, but we do not have any structural evidence to support such an assumption at this time.
The characteristic dips seen on the absorption spectra of the green chlorite are evidence of the Fano antiresonant effect resulting from the interaction of the 2 T 1g (G) and 2 E g (G) with a vibrationally broadened 4 T 2g (F) state. These dips are sharp because there is no change in the electronic configuration (t 2g
3 ) for 4 A 2g and 2 T 1g ( 2 G) or 2 E g ( 2 G) levels. This effect is often measured for Cr-doped glass (Stręk et al. 1983 , Illaremandi et al. 1993 For the purple chlorite, a deficiency of negative charge is observed in the tetrahedral sheet and, consequently, for the talc-type layer this deficiency is equal to 0.32 (per 28 oxygen atoms formula), and the excess of negative charge in the brucite sheet equals 1.29. Consequently, the unit as a whole exerts an excess of negative charge equal to 0.97. This disequilibrium among the positive and negative charges is caused by vacancies in the brucite sheet. It also means that the positive charge on cations in the brucite sheet is lower than for the ideal clinochlore crystal. When the effective positive charge on the 3d cation decreases, the Racaha parameter B decreases as well. Furthermore, as the effective negative charge on ligands of the brucite sheet is greater, the force of the crystal field increases. So the crystal-field parameters Dq and B of Cr 3? ion in the M4 crystal site are determined not only by Cr-O distances but also by the chemical nature of all units. It is generally accepted that trioctahedral chlorites have a significant number of octahedral vacancies (Foster 1962 , Morata et al. 2001 . Foster (1962) stated that low octahedral totals are induced by the method of calculation and need not indicate the vacancies, and that octahedral totals\11.5 are common. The octahedral occupancy of the purple chlorite is substantially less than the ideal total of 12 cations for a fully trioctahedral chlorite. The low octahedral total results from higher Al 3? in the tetrahedral rather than in the octahedral contents. For the purple chlorite, R(R 3? ) IV = 1.680 and is higher than R(R 3? ) VI = 1.49. This difference is equivalent to a 0.543 positive charge. The rest of the deficiency (0.737) can be explained by vacancies ranging from 0.03685 to 0.2456 of octahedral sites for 2? and 3? cations, respectively. The existence of vacancies in the purple chlorite is indirectly confirmed by an analysis of the green chlorite chemical and its unit formula, where R(R 3? ) IV = 3.024 and R(R 3? ) VI = 3.080, in which case the deficiency of the octahedral totals and the positive charge is negligible.
For the green chlorite, the talc-type layer has an excess of negative charge equal to 0.736 (caused by an 1.024 excess of the tetrahedral sheet minus an 0.288 excess of positive charge of the inner octahedral sheet), which is compensated by an excess of positive charge of the brucite sheet equaling 0.754. As is the case for the Cr 3? ion in the inner octahedral sheet, the decrease of positive charge does not take place; it is not the cause of the decrease of the B Racaha parameter. Płatonow et al. (1995) ions that are present in the second coordination sphere, in the brucite sheet as well as in the talc-type layer.
Cr 3? ions occupy the strong crystal field site in the purple chlorite and, consequently, an emission from the 2 E excited level should be expected. It was very hard to measure the emission of this crystal, especially at room temperature (Fig. 4a) . The emission band at T = 300 K is broad, with peaks at 13,780, 14,157 and 14,540 cm -1 . When temperature decreases, the intensity of luminescence significantly increases. At T = 77 K, a sharp line at 14,515 cm -1 appeared beside the intense band at 13,500 cm -1
, and at T = 15 K position of this band moved to 13,677 cm -1 and an additional line has been located at 14,100 cm ions does not occur, either. It means that these two bands should be mentioned as luminescence from centers other than a single Cr 3? ion in the M4 site. The distribution of Cr 3? ions in the purple chlorite crystal is irregular, and fewer than one per ten sites in the brucite sheet are occupied by chromium ions. Therefore, it is possible to assume that in the purple chlorite, some clusters of Cr 3? ions as well as Cr-Cr pairs may be present. For Al 2 O 3 Cr-heavy doped up to 5 wt%, Barthem et al. (1982) measured R and N lines as well as the broad emission band at 771 nm (12,970 cm -1 ). They linked this band to Cr clusters. The decay times of all emission lines measured at T = 77 K were distinctly shorter than those obtained by Powell et al. (1967) or Imbush (1967) ; the decay curves had a double-exponential character, and lifetimes amounted to 390 and 80 ls for a 3 wt% sample (Barthem et al. 1982 ). Therefore, it is possible to extrapolate on these premises that the emission band at 13,500 cm -1 originated from Cr clusters. Therefore, the sharp emission band at 14,100 cm -1 cannot also originate from the Cr-Cr pair, because an oversized difference of energy for the R 1 line (14,515 cm ) is observed. Moreover, this line is absent at T = 77 K and appears only when T \ 40 K. However, this luminescent center is associated with Cr 3? ions and this may be due to Cr 3? residing in defect sites, which are caused by adjacent point defects, most probably by vacancies in the brucite sheet. This effect is comparable to the results related to the emission lines measured by Walker et al. (1997) for Cr 3? near other lattice point defects. The luminescence lifetimes of these lines were measured and are unusually short compared to the lifetimes of Cr 3? luminescence in a strong crystal field (Fig. 5a ). The decay curves have a double-exponential character even at low temperatures. The short luminescence lifetime could be caused by: (a) lattice phonon interaction; however this factor may be neglected for low temperature measurements, (b) concentration quenching, and (c) energy transfer to other active luminescence centers. Due to the last cause, the Cr 3? to Fe 2? energy transfer is most important. As the temperature is lowered to 120 K (160 K) the decay times increase; however, from 120 K (80 K) to 20 K they diminish again. The reduction of luminescence lifetime is caused by energy transfer to a new center that has been activated (Cr 3? with vacancies-14,100 cm -1 line). The double-exponential character of the decay curves can be attributed to two decay mechanisms, namely, concentration quenching and energy transfer to the clusters or Cr 3? ions in defected crystal sites. For the green chlorite, Cr 3? ions occupy an intermediate crystal field site and their luminescence spectrum at room temperature is similar to alexandrite or beryl spectra. The emission spectrum measured at room temperature contains the R 1 (14,650 cm -1 ) and R 2 (14,750 cm -1 ) lines and the broad band centered at 14,315 cm -1 . When the temperature is lowered from 120 to 10 K, the additional sharp line at 14,560 cm -1 appears and at low temperatures this line displays a higher intensity than the R 1 line (Fig. 4b) . This additional line cannot be recognized as a ZPL (zero-phonon line) from the 4 T 2g or 2 E g levels. The sole reasonable explanation is that this line at 14,560 originates from another luminescence center related to Cr 3? ions or from Cr-Cr pairs. This additional line (14,560 cm -1 ) can be recognized as an N line of Cr-Cr pairs. The following facts support this assumption: (a) from 105 K to 20 K, the intensity of this emission (N line) increases and the relative intensity of R 1 and N lines changes similarly to the results documented by Powell et al. (1967) (Fig. 5b); (b) experimental data of I(R 1 )/I(N) can be fitted at high temperatures to an exponential e -DE/kT , where DE is the difference in the energy of initial (metastable) levels of the two transitions involved, similar to the study by Powell et al. (1967) ; DE = 45 cm -1 . The deviation from thermalization occurs at 65 K. Powell observed the thermalization for 2,1 at.% Cr in Al 2 O 3 almost at the same temperature. In the green chlorite at.% Cr is equal to 2.4; (c) the R 1 emission line excites the N line at 14,560 cm -1 ; (d) its fluorescence lifetimes and those of R 1 are comparable and change similarly with temperature (Fig. 5c) ; (e) the additional emission line at 14,560 cm -1 cannot be attributed to non-equivalent Cr 3? centers like for topaz (Tarashchan et al.2006) or spodumene crystals (Walker et al.1997 ) because of their much lower Cr content compared to chlorite crystals, and because of different luminescence properties at low temperature.
In contrast to the Powell et al. results, the luminescence lifetimes of emissions from single Cr 3? and from Cr-Cr pairs are very short and distinctly shrinking already for the initial growth of temperature (Fig. 5c ). The energy transfer to other luminescence centers, primarily to Fe 2? ions, must be the basic factor causing such a short lifetime for the R 1 line. The luminescence decay is single exponential; thus, the energy transfer has mainly a resonance character.
Conclusions
1. Chromium ions are present in the M4 crystal site (brucite sheet) in the purple chlorite, but in the green chlorite, they occupy the M1 or M2 site in the inner octahedral sheet. The Cr 3? -ligand bond reveals a rather ionic character in the green chlorite and an ionic-covalent character in the purple chlorite. The differences in the Dq and B parameters of these two chlorite crystals are caused not only by differences in metal-ligand distances, but also by differences in the effective negative charge on ligands as well as of the effective positive charge on the Cr 3? cation. 2. The high Cr 2 O 3 content in both crystals does not completely quench the luminescence, and concentration quenching of the luminescence is observable in this case. Emission from the Cr-cluster as well as from Cr 3? ions adjacent to cationic vacancies in the brucite sheet is demonstrated for the purple chlorite crystal; for the green chlorite, the emission from the N pair has been observed. 3. It is generally difficult to identify the dominant type of quenching centers in the studied chlorite crystals. The quenching is enhanced through energy migration to perturbed Cr sites or to impurities than can dissipate the energy without radiation. High Cr content and energy transfer from all Cr 3? -emission centers to Fe 2? ions are regarded as the main causes of the luminescence lifetime reduction. 4. The content of Fe 3? ions in tetrahedral coordination is higher for the green chlorite than for the purple, and the preference of the M2 site by Fe 2? is distinctly higher for the green chlorite than it is for the purple. The M1 and M2 sites in the purple Cr-clinochlore seem to be more regular than in the green specimen. 5. For the green chlorite, higher numbers of Al 3? ions in the tetrahedral sheet and heavy atoms in the inner octahedral sheet have been observed than for the purple chlorite.
